Full waveform inversion (FWI) is a promising technology for next generation model building. However, it faces with many challenges when dealing with real data. To understand some of the issues in real data, we study data collected from ultrasonic lab with a known model by forward simulation and full waveform inversion. We identify the differences in phase, amplitude, and AVO effects between recorded data and synthetics, and explore the impact on FWI results due to these differences. We compare two amplitude scaling methods in FWI to handle AVO effects and find that scaling shot gathers combined with 3D-to-2D conversions producing more accurate result.
Introduction
Full waveform inversion, based on the finite difference approach for forward modeling and backward propagation of residual wavefield for gradient calculation, was originally proposed in time space domain (Tarantola, 1984; Gauthier et al., 1986) , and then successfully implemented in the frequency domain (Pratt et al., 1999) . Since full waveform inversion naturally takes into account more general wave propagation effects compared to the high frequency method of traveltime tomography, it should be able to estimate a wide range of slowness wave-numbers. Full waveform inversions attempt to iteratively minimize the misfit between synthetic and input data; therefore, the wavefield calculation must be sufficiently accurate.
Physical modeling data provides a useful link between theory and field scale experiments. Using a physical model approach, we are able to measure changes in the acoustic response to simulate real structures in pseudo ideal settings.
In this study, we simulate the numerical wavefield with a physical model for Qianshan area (South of China) (Wei and Di, 2006) . Then we compare the waveforms between synthetic and real data, and we find that acoustic approximation is sufficient, while AVO effects are very different. Finally, we apply FWI to the data and try different amplitude scaling approach to mitigate the AVO effect.
Theory
Ultrasonic modeling seismic experiment, as one of important methods in geophysical modeling study, is based on real wave propagation whereas numerical modeling is based on algorithms which are by necessity simplified and discretized versions of the real world. While observed in much smaller scale, physical modeling obeys the same wave propagation rules, which is known as the similarity criterion (Sun et al., 1997) .
Consider the wave equation in the regular isotropic media 
where R L , R t , R v , R Φ are the space, time, velocity and displacement potential ratio, respectively. Substituting equation (3) into equation (2) we then obtain (5), we set appropriate ratios for the experiment (Table 1) . 
Laboratory Settings
The model used in the experiment is simulated for a fault of Qianshan (South of China) (Wei et al., 2002; Di et al., 2008) , with a size of 757.2mm × 756.9mm × 243.5mm ( Figure 1a ). The properties of the model are set similar to the real geological medium, of which the details are shown Table 2 . A 27mm column of water (with P wave velocity of 1480 m/s) is created above the physical model to simulate a marine case. According to description, we build a synthetic model with the same detail properties (Figure 1b) . The central frequency of the source generator is 225 KHz and the diameters of the source and receiver are 3 mm and 5 mm, respectively. There are 161 shots in total, with 44 receivers on the west side. The shot and receiver intervals are both set as 2 mm in the experiment. 
Numerical Simulations
The numerical method we use is time domain staggered grid finite difference with a perfectly matched layer (PML) for boundary conditions. Three kinds of comparisons between synthetic and physically recorded data are shown as follow: 1) 3D elastic and physically recorded waveform 2) 3D acoustic and 3D elastic waveform 3) 2D acoustic and 3D acoustic after 3D-to-2D conversion
3D elastic and physically recorded waveform:
In the first comparison, we show the waveform, amplitude spectrum, phase spectrum and AVO overlays in Figure 2 . From the waveform (Figure 2a ) and AVO (Figure 2e ) overlays, it can be seen that amplitude of data from the physical model, decreases at the same rate at both near and far offsets, although with different RMS amplitude magnitudes. The input model lack of frequency under 7 Hz, also we do not account for the attenuation effect in the wavefield modeling, hence those might be the reason that the amplitude spectrum does not fit well in lower and higher frequency (Figure 2c ). The phase difference around the centre frequency is mostly below 20 (Figure 2d ). 
3D acoustic and 3D elastic waveform:
In the second comparison, it is observed from the waveform overlay (Figure 3a ) that there is barely converted S wave in the waveform which means the waveform is dominated by the P wave, and it is a useful property for acoustic full waveform inversion. We can see the amplitude spectrum (Figure 3c ) fits well. The phase difference is mainly around 20, and it decreases as frequency goes lower. The AVO overlay (Figure 3d 
2D acoustic and 3D acoustic after 3D-to-2D conversion:
Techniques to resolve the 3D-to-2D problem can roughly be classified into three categories (Roberts, 2005) : reformulating the problem in cylindrical coordinates and synthesizing line source data by integrating over many point sources in CMP domain (Wapenaar et al., 1992) ; asymptotic 2.5D filtering procedures (Bleistein, 1986) to convert the 3D data into 2D data; and the true 2.5D modeling approach by using Fourier transform to solve the 2D problem (Song and Williamson, 1995) .
The 3D-to-2D data conversion using an asymptotic filter is by now the most widespread approach. It has the advantages of both simple implementation and inappreciable computational cost. The asymptotic filter (Bleistein, 1986 ) for a homogeneous acoustic medium is
where ω is the angular frequency, the quantity σ is defined as σ= cr, c is the acoustic wave speed, and r is the distance. Applying an inverse Fourier transform to equation (6) yields the filter in time domain (Aki and Richards, 2002) :
We apply the filter function of equation (7) to 3D acoustic waveform, and the comparisons are shown in Figure 4 . The waveform (Figure 4a ) and AVO overlay (Figure 4e) show that 2D acoustic and 3D acoustic after 3D-to-2D conversion fit very well. The amplitude spectrum ( Figure  4c ) shows very small difference, and the phase spectrum shows acceptable fitting, except for the low frequency (<5 Hz), which might be cause by violation of the filter function assumption in low frequency. 
Acoustic Full Waveform Inversion
The waveform inversion approach used in this paper is based on the time domain staggered grid finite difference acoustic modeling with topography described in Zhang and Zhang (2011) . The inversion is performed by minimizing an L 2 norm in the data space, measuring the difference between the synthetic and observed data and a normalization term with a conjugate gradient algorithm (Tarantola, 1987) .
After data preprocessing, we are now allowed to apply full waveform inversion to the data. To mitigate the AVO effect, we try different scaling methods, and the results are shown as follows:
Scale trace RMS amplitude to synthetic and input data:
The residual calculated from the normalized RMS energies of both input and synthetic traces is shown as 
Scale input data to synthetic data:
In order to make it comparable with synthetic data, we apply a scalar to modify the AVO effect on real data Figure 7a shows the final inverted velocity model, and Figure 7b is the difference of initial and inverted model. Comparing with previous results, we can see that this scaling approach performs better than the one using trace normalization, for which totally disregards the AVO effect.
Conclusions
We simulate the numerical wavefield with a physical model for Qianshan area (South of China), and find that there are some mismatches on the amplitude, phase and AVO effects, which should make impact on full waveform inversion. During the analysis, we find that the AVO effect affects the FWI results, therefore we apply different amplitude scaling approaches to mitigate the effect, and the results show that scaling shot gathers along with 3D-to-2D conversion can handle AVO effects reasonably well.. For further work, we will try to investigate the approaches that can correct the AVO effect more efficiently.
